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a-Acetylenic amino acids 

5 This Invention relates to novel pharmaceutically useful o-acetylenic amino acid derivatives wliich are 
inhibitors of aromatic amino acid decarboxylase. 

BACKGROUND OF INVENTION 
The amino acids tryptophan, 5-hydro)cy- tryptophan, 3,4-dihydroxy- phenylalanine (DOPA), tyrosine and 
phenylalanine are metabolically converted to tryptamlne, 5-hydroxy- tryptamlne, 3,4<lihydroxy- 

10 phenethylamine or dopamine, tyramine and phenethylamine respectively by an aromatic amino acid decar- 
boxylase. It is believed thatthe aromatic amino acid decarboxylase enzyme is non-specific, particularly, 
insofar as peripheral catalysis is concemed. Evidence does exist however, to indicate that In the brain 
specific decarboxylation enzymes exist for each of DOPA and 5-hydroxy- tryptophan. 
The above-enumerated aromatic amines are known to be involved in various pathophysiological proces- 

15 ses. For example, it has been found that tryptamine, the decarboxylation production of tryptophan is 

enzymatically methylated to monomethyl- tryptamine which In turn is methylated enzymatically to dimethyl- 
tryptamine (DMT) In human red blood cells, plasma and platelets. The methylating enzyme is present in 
many mammalian species and has been shown to be produced in brain tissues of several species including 
man. DMT which has strong hallucinogenic or psychomimetic properties may play a role in the etiology of 

20 schizophrenia and other psychotic disorders. Hence any agent which would block formation of DMT may be 
useful as an antipsychotic agent Blocking the decarboxylation of tryptophan results in decreased levels of 
tryptamine, removing the substrate for DMT f onmatlon. Hence an in hibitor of aromatic amino acid decarbox- 
ylase which would block conversion of tryptophan to tryptamine may be useful as an antipsychotic agent 
Both 5-hydroxy- tryptamine (5-HT), the decarboxylation product of 5-hydroxy- tryptophane, and 3,4- 

25 dihydroxy- phenethyl- amine (dopamine) the decarboxylation product of DOPA are involved in peripheral 
and centra! physiological processes, and agents which are effective in the control of levels of these amines 
have resulted in useful pharmacological agents. It has been shown that central or brain levels of 5-HT and 
norepinephrine, which is formed metabolically by hydroxylation of dopamine, are higher in patients with 
manic disorders than in individuals without such disorders. It has also been shown that agents which 

30 decrease central levels of monoamines, for example, 5-HT and particularly norepinephrine have antimanic 
properties which given to human subjects, whereas drugs that increase monoamine levels could precipitate 
mania in susceptible individuals. Hence, agents which block formation of 5-HT and dopamine, such as, for 
example, by inhibiting the aromatic amino acid decarboxylase enzyme which converts 5-hydroxy- tryp- 
tophan and DOPA to 5-HT and dopamine respectively may be useful as antipsychotic agents or major 

35 tranquilizers in treating manic dIsonJers. 

It has also been shown that agents useful In Inhibiting the decarboxylation of DOPA to dopamine are useful 
in the treatment of Parkinsonism when administered concurrently with exogenous DOPA or L-DOPA. It is 
believed that Parkinsonism is due> at least in part, to decreased central levels of dopamine since exogenous 
administration of DOPA or L-DOPA is known to be an effective means of treating Parkinsonism. However, 

40 since exogenously administered DOPA is readily converted enzymatically to dopamine peripherally it is 
necessary to administer large amounts in order to have Increased absorption centrally. DOPA readily pene- 
trates the blood-brain barrier whereas dopamine does not Administration of DOPA or L-DOPA in conjunc- 
tion with a peripherally active inhibitor of the enzyme which converts DOPA to dopamine reduces the 
amount of L-DOPA that must be administered in order to have adequate circulating levels for central absorp- 

45 tion. Other advantages are also realized by administration of an aromatic amino acid decarboxylase inhibitor 
along with L-DOPA. By preventing formation of dopamine peripherally, side effects attributed to dopamine 
such as, cardiac arrhythmia, nausea and vomiting may be avoided. 

Studies Indicate that levels of 5-hydroxy- tryptamine (5-HT) are lower in patients with depressive syn- 
dromes than in individuals without such syndromes. Also, administration of exogenous L-5-hydroxy- tryp- 

50 tophan (L-5-HTP) is effective in treating certain depressed patients. However, as with DOPA, since L-5-HTP is 
readily metabolized peripherally to 5-HT it is necessary to administer large amounts of L-5-HTP in order to 
.achieve increased central levels of the amino acid. It has been shown that by administering an inhibitor of the 
aromatic amino acid decarboxylase enzyme that catalyzes the fonnation of 5-HT from 5-HTP peripherally the 
amount of exogenous 5-HTP required to give increased central levels is maricedly reduced. In other words 

55 Inhibitors of aromatic amino acid decarboxylase when used In conjunction with exogenous 5-HTP have been 
shown to be useful In treating depression. 

Agents which block peripheral conversion of 5-HTP to 5-HT may be useful in treating other conditions 
which fBspond to increased central levels of 5-HTP as a result of exogenous administration of 5-HTP. I has 
been shown that exogenous L-5-HTP is useful in treating action myoclonus. Also, studies reveal that 

60 administration of exogenous 5-HTP is useful In treating insomnia. Hence concurrent administration of 5-HTP 
and an aromatic amino acid decarboxylase inhibitor may be beneficial In treating these conditions. 

Blocking peripheral formation of 5-hydroxy- tryptamine may result In other beneficial effects since it Is 
known that 5-HT is involved, for example, in the etiology of rheumatoid arthritis and the carcinoid syndrome 
by increasing collagen levels. Also, it is reported that 5-HT is the primary autocoid responsible for anaphylac- 

55 toid reactions in human subjects as well as bronchoconstriction In asthmatic human subjects, and agents 
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which antagonize or inhibit formation of 5-HT are useful in treating these conditions. 5-HT Is known to cause 
platelet aggregation and has been implicated as a causal factor in the post-gastrectomy dumping syndrome 
and migraine headache. Methylsergide, a 5-hydroxy- tryptamine antagonist, has proven effective in treating 
post-gastrectomy dumping syndrome. 
5 It has been suggested that phenethylamine, the decarboxylation product of phenylalanine, as an 5 
endogenous compound contributes to schizophrenic symptoms and triggers migraine headaches. Also, it 
has been suggested that endogenous tyramlne, the decarboxylation product of tyrosine, contributes to ^ 
seizure disorders. 

Hence, it is readily evident that agents which are useful in regulating the levels of aromatic amino acids 
10 and amines find use in many pharmacological situations. The compounds of the present invention are 
inhibitors of the aromatic amino acid decarboxylase which converts tryptophan, 5-hydroxy- tryptophan, 
3,4-dihydroxy- phenylal- anine, tyrosine and phenylalanine to the respective amines and hence provide 
useful pharmacologic agents. 

SUMMARY OF INVENTION 

1 5 The oompou nds of the present invention are represented by the following general Formula: 1 5 



f^^ CbCH 

-CHaC-CQRa Formula I 

20 ^' 20 
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In the above general Formula I Ri is selected from hydrogen, alkylcarbonyl wherein the alkyi moiety has from 
1 to 4 carbon atoms and is straight or branched, alkoxycarbonyl wherein the alkoxy moiety has from 1 to 4 
carbon atoms and is straight or branched and q 

— C — CH — R37 

ISlHi 

wherein R27 is selected from hydrogen, a straight or branched lower alkyI group of from 1 to 4 carbon atoms, 
30 benzyl andp-hydroxybenzyl; R2 is selected from hydroxy, a straight or branched alkoxy group of from 1 to 8 30 
carbon atoms, -NR7R8 wherein each of R7 and Rs Is hydrogen or a straight or branched alkyI group of from 1 
to4carbonatoms,and «nh-cH-^00H 



35 35 
wherein Rs Is hydrogen, a straight or branched lower alky I group of from 1 to 4 carbon atoms, benzyl and 
p-hydroxybenzyl; each of R3, R4, Rs, R'4 and Rb has the meaning defined in the following Table 1 wherein Rio 
is hydrogen, a straight or branched alkyI group of from 1 to 8 carbon atoms, alkylcarbonyl wherein the alkyI 
moiety Is straight or branched and has from 1 to 6 carbon atoms, benzoyl or phenylalkylene- carbonyl 

40 wherein the alkyiene moiety is straight or branched and has from 1 to 6 carbon atoms: 40 
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Pharmaceutically acceptable salts and individual optical Isomers of the comppunds of general Fonnula I are 
35 also Included within the scope of this invention. 

The compounds of general Formula I are useful pharmacological agents in that said compounds are 
Inhibitors of aromatic amino acid decarboxylase and useful as intermediates in the preparation of useful 
pharmacological agents. 

DETAILED DESCRIPTION OF INVENTION 
40 In the above general Fonmuia I the term alkylcarbonyl is taken to mean the group alkyl-C - wherein the ^ 

alkyi moiety has from 1 to 6 carbon atoms and is a straight chain or branched chain. 
The temn benzoyl as used in general Formula I means the group 0 

The term pheny lalkylene- carbonyl as used in general Fonmuia I is taken to mean the group 
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wherein the alkylene moiety has from 1 to 6 carbon atoms and is a straight chain or a branched chain, 
Illustratively, methylene, ethylene, isopropylene and butylene. 

Illustrative examples of straight or branched alkoxy groups having from 1 to 8 carbon atoms as used 
herein are methoxy, ethoxy, isopropoxy, AJ-butoxy, te/t-butoxy,/7-pentyloxy, fert-pentoxy,/7-hexyloxy and 
55 /?-octyloxy. ?^ 
Illustrative examples of straight or branched alkyI groups having from 1 to 6 carbon atoms are methyl, 
ethyl, /7-propyl, isopropyl,/7-butyl,te/t-butyl and/7-pentyl. 

Illustrative examples of pharmaceutically acceptable salts of the compounds of this invention include 
non-toxic acid addition salts formed with inorganic acids, such as, hydrochloric, hydrobromic, sulfuric and 
80 phosphoric acid, and organic acids, such as, methane sulfonic, salicylic, maleic, malonic, tartaric, citric and 60 
ascorbic acids; and non-toxic salts formed with inorganic or organic bases such as those of alkali metals, for 
example, sodium, potassium and lithium, alkaline earth metals, for example, calcium and magnesium, light 
metals of Group III A, for example, aluminum, organic amines, such as, primary, secondary or tertiary 
amines, for example, cyclohyxyl- amine, ethylamlne, pyridine, methylamino- ethanol, ethanolamine and 
65 piperazine. The salts are prepared by conventional means. 
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Preferred compounds of this invention are those of general Formula I wherein Ri is hydrogen or alkylcar- 

bony] wherein the allcyi moiety has from 1 to 4 carbon atoms and is straight or branched with compounds 

wherein Ri is hydrogen being more preferred. Another preferred embodiment of this invention is the com- 
pounds of general Formula I wherein Fb is hydroxy or a straight or branched alkoxy group of from 1 to 8 
5 carbon atoms. Compounds wherein Ra is hydroxy are more preferred. Compounds of general Formula I 5 

wherein each of Rs, R4, Rb, R'4 and Re is hydrogen or ORio wherein Rio is hydrogen represent another 

preferred embodiment of this invention. 
Illustrative examples of compounds of general Formula 1 are the following: 

2-acetylene- 2-amino- 3-phenyl- propionic acid, 
1 0 2-acetyIene- 2-amino- 3-(3-hydroxyphenyl) propionic acid, 1 0 

2-acetylene- 2-amino- 3(3,4-dihydroxy- phenyl) propionic acid. 

2-acetylene- 2-amino- 3-(4-hydroxyphenyl) propionic acid, 

2-acetylene- 2-amino- 3-(4-chloro- 2-hydroxyphenyl) propionic acid, 

2-acetyIene- 2-amino- 3-(4-chforo- 3-methoxyphenyl) propionic acid, 
15 2-acetylene- 2-amino- 3-(2-chlora-3-benzoyloxy- phenyl) propionic acid, 15 

2-acetylene- 2-amino- 3-(2Adichloro- 3-hydroxyphenyl) propionic acid, 

2-acetylene- 2-amino- 3-(2-chloro-4-hydroxyphenyl) propionic acid, 

2-acetylene- 2-amino- 3-(2-chloro- 6-methylphenyl) propionic acid, 

2-acetylene- 2-amino- 3-(2,4-dichloro- 6-methylphenyl)- propionic acid, 
20 2-acetylene- 2-amino- 3-(4-chloro- 6-methyIphenyl) propionic acid, 20 

2-acetyIene- 2-amino- 3-(2-hydroxy- 4,6-dimethyl- phenyl)- propionic acid, 

2-acetylene- 2-amlno- 3-(2-chloro-4,6-dimethyl- phenyl)- propionic acid, 

2-acetylene- 2-amino- 3-{4-hydroxy- 6-methylphenyl) propionic acid, 

2-acetylene- 2-amino- 3-(5-ethyl- 4-phenyl- propionyl- oxyphenyl)- propionic acid, 
25 2-acetylene- 2-amino- 3-(4,6-diethyl- 2-hydroxyphenyl)- propionic acid, 25 

2-acetylene- 2-amino- 3-(4-chloro- 6-ethylphenyl) propionic acid, 

2-ac6tylene- 2-amino- 3-(4-chloro- S-fia/t-butyl- phenyl)- propionic acid, 

2-8cetylene- 2-amino- 3-(6-re/t-butyl- 4-hydroxyphenyl)- propionic acid, 

2-acetylene- 2-(N-ethoxy- carbonylamino)- 3-(4-rt-butoxy- phenyl)- propionic acid, 
30 N,N-di-/7-propyl 2-acetylene- 2-amino- 3-(4-ac6tyloxy- phenyl)- propionamide, 30 

2-acetylene- 2-[N-(2-amino- 1-oxoethyl) amino]- 3-(3-hydroxy phenyl) propionic acid, 

2-acetyIene- 2-amino- 3-(3 Adihydroxy) phenyl- 1-oxopropyl- aminoacetic acid, 

2-[{2-acetylene- 2-amino- 1-oxo- 3-phenyl) propylamine) dihydrocinnamic acid, 

2-acetylene- 2-(1-oxoethylamino)-3-(4-hydroxy) phenyl- 1-oxop ropy lamino-2-propionic acid, 
35 methyl 2-acetylene- 2-{1-oxoethylamino)- 3-(4-hydroxy)- phenyl- 1-oxopropylamino- acetate, 35 

2- acetylene- 2-amino- 3-phenyiproplon- amide, 

N,N-dimethyl 2-acetylene- 2-amino- 3-{3-hydroxyphenyl)- propionamide, 
N,N-diethyi 2-acetylene- 2-amino- 3-(3'/4'-dimethoxy- phenyl)- propionamide, 
N-/7-butyl 2-acetylene- 2-amino- 3-(4-hydroxyphenyi) propionamide, 
40 methyl 2-acetyiene- 2-amino- 3-(3-hydroxyphenyl) propionate, isopropyl 2-acetylene- 2-amlno- 3- 40 
OAdihydroxy- phenyl)- propionate, 

fert-butyl 2-acetylene- 2-amino- 3-(4-hydroxy- phenyl) propionate, ethyl- 2-acetylene- 2-amino- 3(4-chIoro- 

3- methoxyphenyl)- propionate, and 

2-acetylene- 2-amino- 3-(4-hydroxyphenyl) propionamide. 

45 The compounds of general Formula 1 are irreversible inhibitors of the enzyme which metabolically catal- 45 
yzes the conversion of tryptophan, 5-hydroxy- tryptophan, 3,4-dihyroxy- phenylalanine, tyrosine and 
phenylalanine to tryptamine, 5-hydroxy- tryptamine, 3,4-dihydroxy- phenyl- ethylamine, tyramine and 
phenethylamlne respectively. As indicated hereinabove results of studies indicate that the enzyme respons- 
ible for the conversion of the above-enumerated amino acids to the respective amines peripheral! is a 

50 non-specific aromatic amino acid decarboxylase. For central conversion studies indicate that specific decar- 50 
boxylases are responsible for the conversion of each of 5-hydroxy- tryptophan and 3,4-dihydroxy- 
phenylalanine whereas the remaining above-enumerated amino acids are enzymatically transfonned to the 
respect amines by a non-specific aromatic amino acid decarboxylase. The compounds of the present Inven- 
tion are effective in irreversibly inhibiting both centrally and peripherally the activity of non-specific aromatic 

55 amino acid decarboxylase as well as the activity of 3,4-dihyroxy- phenyl- alanine (DOPA) decarboxylase. As 55 
used herein with regard to the utility of the compounds of the present invention the temi central refers to the 
central nervous system, primarily the brain, whereas peripheral refers to other body tissues wherein the 
decarboxylase enzyme is present Selectivity of inhibition of the amino acid decarboxylases centrally or 
peripherally by administering compounds of general Formula I Is dose dependent. , 

60 As irreversible inhibitors of aromatic amino acid decarboxylase, and DOPA decarboxylase the compounds 60 
of the present invention possess many pharmacologica utilities. As peripheral irreversible inhibitors of 
aromatic amino acid decarboxylase the compounds of general Formula I are useful in the treatment of 
Parkinsonism when given in conjunction with 3Adihydroxy- phenyl- alanine (DOPA) or L-3,4-dlhydroxy- 
phenyl- alanine (L-DOPA). DOPA and more particularly the active isomer L-DOPA are known to be effective in 

65 treating Parkinsonism when administered systemtcally, usually In an amount from 0.5 to 1 gram dally 65 
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initiaHy after which the amount administered is gradually increased over a 3 to 7 day period to a maximally 
tolerated daily dose of about 8 grams. Concurrent administration of a compound of general Formula I and 
L-DOPA provides an improved method of treating Parkinsonism in that the compounds of Formula I will 
block the decarboxylation of L-DOPA to L-3,4-dlhydroxy- phenethyl- amine (L-dopamlne) peripherally by 
5 inhibiting the activity of aromatic amino add decarboxylase enzyme, thus retaining high circulating levels of 
L-DOPA for central absorption and also preventing peripheral formation of increased levels of dopamine 
which is known to result in certain undesirable side effects such as cardiac arrhythmia. By concurrently 
administering a compound of general Fonmula I and L-DOPA the amountof L-DOPA administered may be 
reduced 2 to 10-fold as compared to amounts required for utility when L-DOPA is administered alone. It fs 

10 preferred that the compounds of this invention be administered priorto administration of L-DOPA. For 
example, a compound of Formula I may be administered from 30 minutes to 4 hours priorto administration 
of L-DOPA depending on the route of administration and condition of the patient to be treated. 

The compounds of general Formula I are also useful In treating depressive syndromes in individuals when 
given in conjunction with 5-hydroxy- tryptophan (5-HTP) or more particulariy the active levo isomer which is 
known to be useful In the treatment of depression when administered systemically. The compounds of ^5 
general Formula I, by Inhibiting peripherally the activity of aromatic amino acid decarboxylase will block the 
conversion of 5-hydroxy- tryptophan to 5-hydroxy- tryptamine thus retaining higher circulating levels of 
5-HTP for central absorption. The compounds of general Formula I when administered concurrently with 
exogenous 5-HTP are also useful In treating action myoclonus which is known to be effectively treated by 

20 increasing central levels of 5-HTP. ^ 

The compounds of general Formula 1, by virtue of their Inhibitory action on aromatic ammo acid decarbox- 
ylase peripherally are also useful in thetreatment of rheumatoid arthritis, carcinoid syndrome, anaphylac- 
toid reactions in humans, bronchoconstriction in asthamatic humans as well as other conditions known to be 



20 



caused by high peripheral levels of 5-hydroxy- tryptamine. 

25 As indicated hereinabove it has been shown that agents which decrease the elevated levels of 5-HT and 
norepinephrine, the hydroxylation product of dopamine, are useful In treating patients with manic disorders. 
Hence, as central irreversible inhibitors of aromatic amino acid decarboxylase, and DOPA decarboxylase the 
compounds of general Formula I are useful in treating manic disorders. Additionally, by virtue of the central 
Inhibitory action of the compounds of general Formula I on aromatic amino acid decarboxylase said com- 

30 pounds may also be usefol as antipsychotic agents, since central levels of tryptamine are decreased, and ^o 
useful In the treatment of schizophrenia and seizure disorders since central levels of phenethy lamine and 
tyramine are decreased by administration of a compound of general Formula I. 

The utility of the compounds of general Formula I as irreversible inhibitors of aromatic amino acid decar- 
boxylase may be demonstrated as follows. A compound of genera! Formula I Is administered as an aqueous 

35 solution or suspension to rats or mice. At difference time intervals after administration of the compound 35 
from 1 to 48 hours the animals are sacrificed by decapitation and aromatic amino acid decarboxylase activity 
Is measured by a radiometric assay as described by Christenson et al.. Arch, Biochem. Biophys. 141, 356 
(1 970) In homogenates of kidney, heart and brain prepared according to Buricard et al.. Arch. Biochem. 
Biophys. 707, 187 (1964). ^. . . . ^ «^ 40 

^0 The compounds of this invention can be administered in various manners to achieve the desired effect. 
The compounds can be administered alone or in the form of pharmaceutical preparations to the patient 
being treated eitiier orally or parenterally, for example, subcutaneously, intravenously or intraperitoneally. 
The compounds can be administered by intranasal instillation or by application to mucous membranes such 
as that of the nose, throat and bronchial tubes, for example, in an aerosol spray containing small particles of 

^ a novel compound of this invention in a spray solution or dry powder fonm. 

The amount of novel compound administered will vary and can be any effective amount Depending on 
the patient, the pondltion being treated and the mode of administration, the quantity of novel compound 
administered may vary over a wide range to provide an effective amount in a unit dosage form. When the 
compounds of general Formula I are administered to affaet a peripheral Irreversible inhibition or aromatic 

50 decartjoxylase the effective amount of compound administered will vary from about 01 . mg/kg (milligrams 
per kilogram) to 1 00 mg/kg of body weight of the patient per dose and preferably from about 5 mg/kg to 25 
mg/kg. For example, the desired peripheral effect can be obtained by consumption of a unit dosage form, 
such as, for example, a tablet containing from 10 to 250 mg of a novel compound of this Invention taken 1 to 
4 times dally. When the compounds of general Formula I are administered to achieve a central irreversible 

55 inhibition of aromatic decarboxylase or 3,4-dlhydroxy- phenylal- anine decarboxylase the effective amount 55 
of compound administered will vary from about 100 mg/kg to 500 mg/kg of body weight of tiie patient per 
day and preferably from about 1 50 mg/kg to 300 mg/kg. For example, tiie desired central effect can be 
achieved by consumption of a unit dosage form, such as, for example, a tablet containing from about 350 mg 
to 500 mg of a novel compound of this invention taken from 1 to 4 times dally. 

50 As used herein the term patient is taken to mean warm blooded animals such as mammals, for example, ^ 
cats, dogs, rats, mice, guinea pigs, sheep, horses, bovine cows, and humans. 

The solid unit dosage forms can be of the conventional type. Thus, the solid form can be a capsule which 
can be of the ordinary gelatin type containing a novel compound of this invention and a carrier, for example, 
lubricant and inert fillers such as lactose, sucrose and corn starch. In anottier embodiment, the novel 

55 compounds are tabieted with conventional tablet bases such as lactose, sucrose or corn starch in combine- 
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tion with binders such as acacia, corn starch or gelatin, disintegrating agents such as corn starch, potato 
starch, or alginic acid, and a lubricant such as stearic acid, ormagnesium stearate. 

For parenteral administration the compounds may be administered as injectable dosages of a solution or 
suspension of the compound in a physiologically acceptable diluent with a pharmaceutical carrier which can 
5 be a sterile liquid such as water and oils with or without the addition of a surfactant and other pharmaceuti- 5 
cally acceptable adjuvants. Illustrative of oils which can be employed in these preparations are those of 
petroleum, animal, vegetable or synthetic origin, for example, peanut oil, soybean oil, and mineral oil. In 
general water, saline, aqeous dextrose, and related sugar solutions, ethanols and glycols such as propylene 
glycol or polyethylene glycol are preferred liquid carriers, particularly for injectable solutions. 

10 The compounds can be administered in thefonn of a depot injection or implant preparation which may be 10 
formulated in such a manner as to permit a sustained release of the active ingredient The active ingredient 
can be compressed into pellets or small cylinders and implanted subcutaneously or intramusculariy as depot 
injections or implants. Implants may employ inert materals such as biodegradable polymers or synthetic 
silicones, for example. Silastic, silicone rubber manufactured by the Dow-Corning Corporation. 

1 5 For use as aerosols the novel compounds in solution or suspension may be packaged in a pressu rized 1 5 
aerosol container together with a gaseous or liquified propellant, for example, dichloro- difiuoro- methane, 
dichloro* difiuoro- methane with dichloro- dtfluoro- ethane, carbon dioxide, nitrogen or propane, with the 
usual adjuvants such as cosolvents, and wetting agents, as may be necessary or desirable. The compounds 
may also be administered in a non-pressurized from such as in a nebulizer or atomizer. 

20 As indicated hereinabove the compounds of general Fonriula I find particular utility when administered 20 
together with exogenous L-DOPA in which case individual formulations of a compound of general Formula ) 
and L-DOPA may be administered, or both active ingredients may be formulated into a single combination 
pharmaceutical formulation. In either mode of administration the amount of compound of general Formula 1 
as compared to the amount of L-DOPA administered will vary from about 1 : 1 to 1 : 10. A combination 

25 formulation may contain an internal portion containing L-DOPA and an outer portion containing a compound 25 
of general Formula I, each active ingredient being suitably formulated. A particuiariy suitable combination 
formulation may be prepared by compressing L-DOPA, optionally with suitable carriers, to a core, providing 
said core with a laminated coating that Is resistant to gastric juice, and applying over the coated core an 
external layer that contains a compound of general Formula I suitably formulated. Using such a combination 

30 formulation the decarboxylase inhibitor, that is, a compound of General Form ula I is released, preferably 30 30 
to 60 minutes prior to the L-DOPA. The laminated coating may be formed by use of a nonaqueous solution of 
glycerides or a water-insoluble polymer such as ethyl cellulose or cellulose acetate phthalate. Formulation 
wherein the L-DOPA is enteric coated by use of mbctures of shellacs and shellac derivaties and cellulose 
acetate phthalates may also be employed. 

35 In the specific examples included hereinbelow illustrative examples of suitable pharmaceutical formula- 35 
tions are described. 

in addition to beign useful pharmacological agents compounds of general Formula 1 are also useful as 
intermediates for the preparation of useful cephlosporin antibiotics. Compounds of general Formula I 
wherein R2 is hydroxy are usefoi in the preparation of cephalosporin derivatives of the following general 
40 Formula 11: 40 



45 




W Foriails 11 



In the above general Formula II, Ri, R3, R*, Rs, R'4 and Re have the meanings defined in general Formula I; M is 
hydrogen or a negative charge; and X is hydrogen or acetoxy. 
The compounds of general Formula II and the pharmaceutically acceptable salts and individual optical 

50 isomers thereof are novel compounds useful as antibiotics and can be administered in a manner similar to 50 
that of many well known cephalosporin derivatives, for example, cephalexin, cephalothin, or cephaloglycine. 
The compounds of general Formula II and pharmaceutically acceptable salts and isomers thereof can be 
administered alone or In the form of pharmaceutical preparations either orally or parenterally and topically 
to warm blooded animals, that Is, birds and mammals, for example, cats, dogs, bovine cows, sheep, horses 

55 and humans. For oral administration the compounds can be administered in the form of tablets, capsules or 55 
pills or in the form of elixirs or suspensions. For parenteral administration, the compounds may best be used 
in the form of a sterile aqueous solution which may contain other solutes, for example, enough saline or 
glucose to make the solution isotonic. Fortopical administration the compounds of general Formula II, salts 
and isomers thereof may be incorporated into creams or ointments. 

60 Illustrative examples of bacteria against which the compounds of general Fomnula II and the pharmaceuti- 60 ' 
cally acceptable salts and individual optical isomers thereof are active are Staphylococcus aureus, Sa/- 
moneUa schotmuehleri , Klebsiella pneumoniae, DIplococcus pneumoniae and Streptococcus pyogenes. 
Illustrative pharmaceutically acceptable non-toxic inorganic acid additions salts of the compounds of 
general Formula II are mineral acid addition salts, for example, hydrogen chloride, hydrogen bromide, 

65 sulfates, sulfamates, phosphate, and organic acid addition salts are, for example, maleate, acetate, citrate, 65 
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oxalate, succinate, benzoate, tartrate, fumarate, malate and ascorbate. The salts can be fonned by conven- 
tional means. 

Illustrative examples of cephalosporin derivatives as represented by general Formula II are 7-[[2-acetylene- 
2-amino- 3-phenyl- proplonyl]amino]- 3-acetyloxymethyl- 8-oxo-5-thla- 1 -azabicyclo[4.2.0]oct- 2-ene- 
5 2-carboxylic acid, 7-[[2-acetylene- 2-amlno- S-O-hydroxyphenyl) propionyl>amino]- 3-acetyloxy- methyl- 5 
8-oxo-5-thia- 1 -azablcyclo[4.2,0>oct-2-ene- 2-carboxylic acid, 7-[[2-acetylene- 2-amlno- 3-(3,4-dihydroxy- 
phenyl) propionyl]amino> S-acetyloxy- methyl- 8-oxo-5-thia- 1-azabicyclo[4.2.0]oct- 2-ene-2-carboxylic acid, 
and 7-([2-acetylene- 2-amino- 3-|4-hydroxyphenyl)- propionyl]amino> 3-acetyloxymethyl- 8-oxo-5-thia- 
1-azabicyclo[4.2.0] oct-2-ene- 2-carboxylic acid. 
10 The compounds of general Formula II wherein Ri Is hydrogen are prepared by coupling 7-aminocephalos- 10 
poranic acid or a derivative thereof having the formula 

"'"^jXp-CH.X Formula III 



15 



20 



wherein X and M have the meanings defined in general Fonmula II with an acid of the formula 

CoCH 

Rs-^^— CHa-C-COOH Formula IV 



20 



or a functional derivative thereof such as the acid chloride or an acid anhydride and in the presence of a 
dehydrating agent such as dicyclohexyl- carbodilmide, wherr the free acid is used, wherein R3, R4, Rs, R'4, and 

25 Re have the meanings defined in general Formula II and the amino group is protected with a suitable blocking 25 
group such as fe/tbutoxy- cartDonyl followed by acid hydrolysis to remove the amino protecting groups. 

The coupling reaction is generally carried out In a solvent such as, ethyl acetate, dioxane, chloroform or 
tetrahydro- furan in the presence of a base, such as, allcaline bicarbonate. The temperature of the reaction 
time may vary from about 1/2 hour to 10 hours. The cephalosporin products are Isolated by conventional 

30 procedures. The compounds of general Fomiula IV are prepared by procedures described hereinabove and 30 
the compounds of Formula 111 are commercially available or are made by procedures well known in the art. 

The compounds of general Fonnula 11 wherein Ri is other than hydrogen are prepared from the corres- 
ponding derivatles wherein Ri Is hydrogen by the general procedures set forth hereinbelow for compounds 
of general Formula 1 wherein Ri is other than hydrogen. 

35 The compounds of general Formula I wherein R2 Is hydroxy, Ri Is hydrogen and both R3 and R4 a re OR10 35 
wherein Rio is hydrogen or both R* and Rs are OR10 wherein Rio is hydrogen, btoh R4 and Rs together are 
_0-^H2-0-, or wherein each or R3, R4, Rs, R'4 and Re has the meanings defined in Table I except Rio Is methyl 
are prepared by treating a suitably protected propargylamine derivative with a strong base to form a 
protected propargylamine carbanion intermediate which is alkylated respectively when R3 and R4 are both 

40 OR10 and Rio is hydrogen with 2,3-isopropylidene- dioxybenzyl- halide and, when R4 and Rs are both OR10 and 40 
Rio is hydrogen, with 3,4-isopropylidene- dioxybenzyl- halide, and when R4 and Rs together are -O-CH2-O- 
wlth 3,4-methylene- dioxybenzyl- halide wherein halide is, for example, chloride or bromide, and, when Rs to 
Re and R'4 are othenA^ise described above, with a compound of the formula: 



45 



Ris-C"^ CHgY ronmila V 
R'la Ri* 

50 wherein Y is a halogen atom, for example, chlorine or bromine and each or R11, Ri2, R13, R'12 and Ru has the 
meanings defined In the following Table 11 wherein Ris is methyl: 
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The thus formed alkylated propargylamine derivative is treated with a strong base to form an alkylated 
propargylamine carbanion, said second carbanion intermediate is treated with an acylating reagent with 
subsequent removal of the protecting groups as represented by the following reaction sequence: 



(Rie)a-S l-C«C-CHa strong {Ri6)a-S I-C-C-CH' 

I base 



,(-) 



confounds 1 



I 

' (Ri*)«-sr-CBC-c 
I I 

1 N*C-RiT 
ftia 



j acylating 
I reagenc 



M«C-Rir 
Ria 



iRtsr 



strong (Rta)a-St-CeC^CK 
• ««<-RxT 
Ria 

cot^pounds Z 



I 

R18 



Rsa 

it 4a 



(Ri8)a-Sl-CaC-C-Rgo dBoroteclton I 



H«C-Rtt 1 



HCbC-C*CO0H 



NH2 



In the above reaction scheme Rie represents a straight or branched lower alky! group having from 1 to 4 
5 carbon atoms, such as, methyl, ethyl, n-propyl and ferf-butyl; Rn is phenyl, tert-butyl or triethyl- methyl, 5 
1-adamantanyl or 2-furyl; Rw is hydrogen, methoxy or ethoxy with the proviso that when R17 Is 
1-adamantanyl or 2-furyl, Rw is not hydrogen; R19Y represents the alkylating reagents of Formula V or 
2,3-lsopropylldene- dioxybenzyl- halide, 3,4-isopropyildene- dioxybenzyl- halide or 3,4-methylene- 
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dioxybenzyl- halide; Ph represents phenyl; R20 Is a carboxy anion, a carboxylic add ester, a carboxamlde, a 
nitrile or other group capable of being hydrolyzed to a carboxylic acid function which varies with the 
acylating reagent employed; and each of Rsa, R4a, Rsa, R'4a and Rsa respectively has the meaning defined for 
Rs, R4, Rs, R'4 and Re in Table I except Rio is methyl, or both or Rsa and R4a are OR10 and Rio is hydrogen, or 
5 both Has and Rsa represent OR10 wherein Rio Is hydrogen. ^ 
Suitable strong bases which may be employed in the above reaction to form each carbanion are those 
which will abstract a proton from the carbon atom adjacent to the acetylene moiety, such as, alkyf lithium, for 
example, butyl lithium or phenyl lithium, lithium dl-aiicylamide, for example, lithium diisopropylamide, 
lithium amide, tertiary potassium butyfate or sodium amide. 
10 The alkylating reagents employed in the above reaction sequence are known in the art or can be prepared 
by procedures known in the art. For example, 2,3-isopropylidene- dioxy benzyl halide may be obtained from 
2,3-dihydroxy- toluene by treatment with acetone In the presence of phosphorus pentoxide followed by 
treatment wrth bromosucclnimide by the general procedure of K. Ogura and G. Tsuchihashi, Tetrahedron 
Letters 797/, 3151. 

1 5 Suitable acylating reagents which may be employed in the above reaction are halo-formates, such as 1 ^ 
chloromethyl fdmiate or chloro ethylfonmate, azido re/t-butyl- formate, cyanogen bromide, carbon dioxide, 
diethyl- carbonate, phenylisocyanate, triethoxy- methyllum tetrafluoro- borate, N,N-dImethyt- carbamoyl 
chloride, 2-methylthio- 1 ,3-dithioIinium iodide, ethylene carbonate or ethylene trithio- carbonate. When 
2-methyKhio- 1,i-dlthiolinium iodide is employed the additional step of alcohotysis with a lower alcohol, Ibr 

20 example ethanol or isopropyl alcohol is required prior to deprotection by hydrolysis. 

The alkylating reaction and the acylating reaction may be carried out in an aprotic solvent, for example, 
benzene, toluene, ethers, tetrahydrofuran, dimethyl- sulfoxide, hexamethyl phosphor- triamide. For each 
reaction the temperature varies from -120X to about 25^, a preferred reaction temperature being about 
-70X, and the reaction time varies from about 1/2 hour to 24 hours. 

25 Removal of the protecting groups isachieved by treatment with aqueous base, for example, sodium or 
potassium hydroxide or use of hydrazine or phenyl- hydrazine followed by acid hydrolysis with, for example, 
hydrochloric acid when the alkylating reagent is 3,4-isopropylldene- dioxybenzyl halide or 2,3- 
Isopropylidene- dioxybenzyl halide, and when the alkylating reagent contains a benzyloxy group base hyd- 
rolysis is followed by treatment with lithium amide or sodium amide in ammonia followed by the addition of 

30 lithium or sodium metal until the blue color persists for about 1 5 minutes. 

The propargylamine derivatives wherein is hydrogen are prepared by the addition of protecting groups 
on the acetylene function and the nitrogen function of propargylamine. Protection of the nitrogen function of 
the propargylamine is accomplished by forming in a known manner a Schiffs base with a nonenolizable 
carbonyl bearing compound selected from benzaldehyde, 2,2-dimethyl- propanal and 2,2-diethyl- butanal. 

35 Protection of the acetylenic function is accomplished by reacting the above-described Schiffs base with a 35 
triatkyi- silylchioride wherein the alkyi moiety has from 1 to 4 carbon atoms and is straight or branched, for 
example, trimethyl- silylchioride or triethyl- silylchioride forming in a known manner the corresponding 
triaikyl- silyl derivative. 

The propargylamine derh^atives wherein Ris is metiioxy or etiioxy are prepared by reacting propar- 

40 gylamine wherein the acetylene function Is protected by a trialkylsllyl group, wherein the alkyI moiety has ^ 
from 1 to 4 carbon atoms, with benzoyl chloride, pivallc add chloride, 2,2-diethy I- butyric acid chloride, 
2-furoic acid chloride or 1-adamantane carboxylic acid chloride at OX in diethyl ether, dioxane, tetrahydro- 
furan, chloroform, methylene- chloride, dimethyl- fbrmamide, dimethyl- acetamide, or chloro- benzene in 
the presence of an organic base such as triethylamine or pyridine after which the reaction mixture is allowed 

45 to warm to about 25°C for one hour. The resulting amide derivative is combined with an alkylating reagent, 
such as, methyl- fluoro- sulfonate, dimethyl- sul^te, methyliodide, methyl p-toluene- sulfonate ortrimethyl- 
oxonium hexafluoro- borate when Ris Is methoxy and triethyloxonium tetrafluoro- borate when Ris Is ethoxy 
at about 25°C in a chlorinated hydrocarbon solvent such as methylene chloride, chlorobenzene or 
chloroform, and the reaction mixture is then cooled to about 25X and an organic base such as triethylamine 

50 or pyridine is added, after which the solution is extracted with brine and the product isolated. 

The protected propargylamine starting material Is obtained by treating a 3-trialkyl- sllylprop- 2-ynyl- 
1-lmlnobenzyl derivative with hydrazine or phenyl- hydrazine at about 25°C for about 1/2 hour after which the 
mixture Is diluted with, for example, petroleum ether, benzene or toluene and the protected propargylamine 
derivative isolated. Alternatively treatment with 0.5 to 1 N HC1 gives the hydrochloride. 

55 The compounds of general Formula V are known in the art or may be prepared from the corresponding 
appropriately substituted benzoic acid or benzaldehyde derivatives which are known In the art For example, 
the benzylhalides of Formula V may be prepared from the corresponding benzaldehyde by reduction with 
sodium borchydrlde, lithium aluminum hydride or by catalytic reduction or from the corresponding benzoic 
acid ester by reduction with lithium aluminum hydride or borane or reduction of the corresponding benzoic 

eOacid derivative with lithium hydride and treating the thus formed benzyl alcohol derivative with, for example, 
thionyl chloride, phosphorus oxychloride, phosphorus trichloride, phosphorus tribromide or phosphorus 
pentachloride. 

The compounds of general Formula 1 wherein Ri Is hydrogen, R2 is hydroxy and either of Rs, R4, Rs or R'4 is 
OR10 wherein Rio is hydrogen are prepared from the con^sponding derivative wherein either of Rs, R4, Rs or 
65R'4 is OR10 and Rio is methyl by treatment of said derivative with a lower alcohol, such as, methanol saturated ^5 
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with anhydrous HC1 for about 15 hours at about 25X to form the lower alkyi ester, for example, the methyl 
ester which is suspended in methylene chloride, dimethyl- formamide, dimethyl- acetamide, chloro- benzene 
or an ether such as diethyl ether, dioxane or tetrahydro- furan and treated with benzoyl chloride followed by 
treatment with an organic base such as triethytamine or pyridine with stirring for about 24 hours at about 
5 25T to give the lower alkyl ester derivative wherein the amino group is protected with p heny lea rbonyl which 5 
is subsequently treated with a Lewis acid, such as, boron tribromide, boron trichloride or boron trifluoride 
then as aqueous acid, for example, hydrochloric acid. * 

Compounds of general Formula 1 wherein Ri is hydrogen, R2 is hydroxy and any of R3, R*, Rs or R'4 Is ORio 
and Rio is a straight or branched alkyl group of from 1 to 8 carbon atoms may be prepared by alkylating the 

10 corresponding compounds wherein Rio is hydrogen with an alkyl halide of the formula R21Y2 wherein R21 is a 10 
straight or branched alkyl group of from 1 to 8 carbon atoms and Ya is halogen, for example, bromine or 
iodine in a lower alcoholic solvent such as methanol or ethanol or hydrocarbon solvents such as benzene or 
toluene in the presence of an organic base such as triethylamine or pyridine or in an aprotlc solvent such as 
dimethyl- formamide, dimethyl- acetamide or dimethyl- sulfoxide In the presence of sodium hydride for 

15 about 1 to 24 hours at a temperature of about 25X to 85°C followed by hydrolysis with aqueous base wfth'the 1 5 
proviso that prior to the alkylation reaction the a-amino group ofthe hydroxy substituted starting material is 
protected with a suitable protecting group such as fe/f-butoxycarbonyl which is subsequently removed by 
treatment with acid, such as, trifluoro- acetic acid. The alkyl halides employed in the above reaction are 
known In the art or can be prepared by procedures well known in the art 

20 The compounds of general Formula I wherein R2 is hydroxy or a straight or branched alkoxy group of from 20 
1 to 8 carbon atoms, Ri is hydrogen and any of Ra, R4, R5 or R'4 is OR10 and Rio Is alkylcarbonyl wherein the 
alkyl moiety has from 1 to 6 carbon atoms and is straight or branched, benzoyl, or phenyl- alkylene- carbonyl 
wherein the alkylene moiety Is straight or branched and has from 1 to 6 carbon atoms are prepared by 
treating the corresponding derivatives wherein Rio is hydrogen with an acid anhydride ofthe formula 

25 0 25 

(R22-C— )2 0 or an acid halide ofthe formula 9 

R22-C-halo 

30 wherein halo is chlorine or bromine and Raz is a straight or branched alkyl group of from 1 to 6 carbon atoms, 30 
phenyl or phenyl- alkylene wherein the alkylene moiety is straight or branched and has from 1 to 6 carbon 
atoms in the presence of an organic base aushc as pyridine, quinoline or triethylamine, which base serves as 
the solvent, for about 1 to 24 hours at a temperature of about 25X to 100X with the proviso that prior to the 
reaction the a-amino group ofthe hydroxy substituted starting material is protected with a suitable blocking 

35 group, such as, fe/t-butoxy- carbonyl which is subsequently removed by treatment with acid, for example, 35 
trifluoro- acetic acid. 

The acid anhydride and acid halide reactants employed in the above reaction are known in the art or can be 
prepared from the appropriate acids by procedures well known in the art 
The compounds of general Fomnula I wherein R2 Is a straight or branched alkoxy group of from 1 to 8 

40 carbon atoms are prepared by treating the corresponding derh/atives wherein R2 is hydroxy with thionyl 40 
chloride to forni the add chloride which Is reacted with an alcohol ofthe formulaR23-OH, wherein R23 Is a 
straight or branched alkyl group of from 1 to 8 cartjon atoms, such as, methyl, ethyl, /i-propyl, isopropyl, 
fl-butyl, hexyl, or octyl, at about 25**C forfrom about 4 to 12 hours. 
The compounds of general Formula I wherein R2 is-NRyRa wherein each of R? and Ra is hydrogen or a 

45 straight or branched lower alkyl of 1 to 4 carbon atoms are prepared by an acylation reaction of an acid 45 
halide, for example, an acid chloride, or the corresponding compound wherein R2 is hydroxy and Ri has the 
meaning defined in Formula I with the proviso that any free amino group is protected with a suitable 
protecting group, for example, carbobenzyloxy or terf-butoxy- carbonyl and when any of Ra, R4, Rs or R'4 is 
OR10 and Rio is hydrogen said groups are protected as the corrraponding alkylcarbonyloxy group, with an 

50 excess of an appropriate amine which may be represented as NHR7R8. The reaction is carried out in 50 
methylene chloride, chloroform, dimethyl- fomiamide, ethers such as tetrahydro- furan or dioxane or ben- 
zene at about 25'C for about 1 to 4 hours. Suitable amines are, for example, ammonia, or a compound which 
is a potential source of ammonia, for example, hexamethylene- tetramine; primary amines, for example, 
methylamine, theylamine, orn-propylamine; and secondary amines such as dimethylamine, diethylamlne 

55 or di-n-butylamine. Following the acylation reaction the amino protecting group is removed by treatment 55 
with acid or hydrogen bromide in dioxane, and the hydroxy protecting group when appropriate is removed ; 
by base or acid hydrolysis. 
The compounds of general Formula I wherein R2 is - NH - CH - COOH 

^ R9 60 ' 

are prepared by reacting the corresponding derivative wherein Hz Is hydroxy or a functional derivative 
thereof such as an acid anhydride and Ri has the meaning defined in Formula I with the proviso that any free 
amino group is protected with a suitable blocking group, such as benzyloxy- carbonyl orte/t-butoxy- car- 
65 bonyl with a compound ofthe formula 65 
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NHj-^H-COORa* 
R9 

5 wherein R9 has the meaning defined ?n general Formula I and R24 Is a lower aikyi group, for example, methyl 5 
or ethyl in an ether, such as, tetrahydrofu ran or dioxane at O'* to about 50X for about! to 24 hours followed 
by add hydrolysis to remove the protecring group, with the proviso that when the amine protected free acid 
Is employed the reaction is carried out using a dehydrating agent such as dicyclohexyl- carBodlimlde. 
The compounds of general Fonnula I wherein Ri is alkylcarbonyl wherein the allcyl moiety is straight or 
10 branched and has from 1 to 4 carbon atoms are prepared by treating the corresponding derivatives wherein 10 
Ri is hydrogen and R2 is hydroxy with an acid haltde of the formula o 

H 

Ris-C-halo 



1 5 wherein halo is a halogen atom, for example, chlorine or bromine and R25 is a straight or branched allcyl ' 1 5 

group having from 1 to 4 carbon atoms in water in the presence of a base such as sodium hydroxide or 

sodium borate at a temperature of from OX to 25X forfrom 1/2 hour to 6 hours. These compounds may also 

be prepared from the ester derivative, that Is, compounds of general Fonnula I wherein Ri is hydrogen and 

R2 is an alkoxy group of from 1 to 8 carbon atoms by treatment with the acid hallde, q 

9n I 2^ 

Ras-C-halo, 



described above, in water, methylene chloride, chloroform or dimethyl acetamide in the presence of a base 
such as sodium hydroxide, potassium hydroxide or excess triethy I- amine at a temperature of from about 0°C 
25 to 25^ forfrom about T/2 hour to 24 hours. 25 
The compounds of general Formula I wherein Ri is allcoxy carbonyl wherein the alkoxy moiety is straight 
or branched and has from 1 to 4 carbon atoms are prepared by treating the corresponding derivative wherein 
Ri Is hydrogen and R2 is hydroxy with an alkyi haloformate of the fonnula q 

2^ halo-C-0R26 30 

wherein halo is a halogen atom such as chlorine or bromine and R26 Is a straight or branched alkyl group 

having from 1 to 4 carbon atoms in water In the presence of a base such as sodium hydroxide or sodium 

borate at a temperature of from about O^C to 2SX for from about 1/2 hour to 6 hours. 

The compounds of general Formula I wherein Ri is 0 35 
35 H 

-6-CH-R27 

wherein R27 is hydrogen, a straight or branched lower alkyl group of from 1 to 4 carbon atoms, benzyl or 
40 p-hydroxybenzyl are prepared by treating the corresponding derivative wherein Ri is hydrogen and R2 is a 
straight or branched alkoxy group of from 1 to 8 carbon atoms with an acid of the formula 

HOOC-CH-R27 

45 . 
or an anhydride thereof wherein the amino group is protected with a suitable blocking group such as 
benzyloxy- carbonyl ortert-butoxy- carbonyl and R27 has the maning defined hereinabove m an ether, such 
as, tetrahydro- furan or dioxane, methylene chloride or chloroform and in the presence of a dehydratmg 
agent when the free acid is employed, at a temperature of from about CTC to 35X for about 1 to 1 2 hours 
50 followed by acid and base hydrolysis to remove the protecting groups. 

The individual optical isomere of the compounds of general Formula I wherein Ri is H and R2 is OH may be 
separated by using a (+) of (-) binaphthyl- phosphoric acid salt by the method of R. Viterbo et al.. Tetrahed- 
ron Letters 4ff, 4617 (1971). Other resolving agents such as (+) camphor-10- sulfonic acid may also be 
employed. The Individual optical isomers of compounds of Fomiula I wherein Ri and R2 are other than H and 
55 OH may be obtained as described herein forthe racemate only starting with the resolved ammo acid. 55 
The following Example 1 illustrates the use of a compound of general Formula I wherein R2 is hydroxy as a 
chemical intermediate in- the preparation of a cephalosporin of Formula II. 

EXAMPLE 1 



40 



45 



50 



7\[2'Acety/ene- l-amino- S-phenyl' propionyi'^mtnoy 3-acetyl- oxymethyl- 8-0x0- 5- 

60 thia'1'azabIcydo[4.ZO]oct-2-ene'2-carboxyIicacid 

A mbcture of 1 g of S-acetyloxy- 7- amino- 8-0x0- 5-thia-1 -azabicyclo[4.2.0]oct-2-ene- 2-carboxylic acid and 
1 g of 2^cetylene- 2-amlno-3-phenyl- propionic acid chloride wherein thefree amino group is protected with 
fert-butoxy- carbonyl in 50 ml of ethyl acetate Is refluxed for 2 hours after which the solvent is removed 
leaving a residue which is treated with mild acid and chromatographed on silica gel using benzene-acetone 

65 as the eluant to give 7.[B-acetylene- 2-amino- 3-phenyl- propionyl]amino> 3-acetyloxy- methyl- 8-oxo-5-thia- 



60 
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1-azabicyc(o[4.2.0]oct- 2-ene*2-carboxylic acid. 

The following Examples 2 to 4 are Illustrative of pharmaceutical preparations of the compounds of this 
invention. 

EXAMPLE2 

5 An Illustrative composition for hard gelatin capsules Is as follows: 5 

(a) 2*ac8tylene-2-amino-3-(3-hydroxy- 20 mg 
phenyl )propionic acid 

10 (b) talc 5 nig 10 

(c) lactose 90 mg 

1 5 The formulation is prepared by passing the dry powders of (a) and (b) through a fine mesh screen and • 15 
mixing them well. The powder is then filled into hard gelatin capsules at a net fill of 115 mg per capsule. 

EXAMPLES 

An illustrative composition fortablets is as follows: 



20 


(a) 


2-acetylene-2-amino-3-(3,4- 
dihydroxyphenyOpropionic add 


20 mg 


20 




(W 


starch 


43 mg 




25 


(0 


lactose 


45 mg 


25 




(d) 


magnesium stearate 


2mg 





The granulation obtained upon mixing the lactose with the compound (a) and part of the starch and 
30 granulated with starch paste is dried, screened, and mixed with the magnesium stearate. The mixtu re is 30 
compressed into tablets weighing 1 10 mg each. 

EXAMPLE4 

An illustrative composition for an injectable suspension is the following 1 ml ampul for an intramuscular 
injection. 

35 35 

Vteight per cent 



40 



45 



(a) 


2-acetylene-2-amino-3-(4- 
hydroxyphenyDpropionic acid 


1.0 


40 


(b) 


polyvinylpyrrolidone 


0.5 




(0 


lecithin 


0.25 




(d) 


water for injection to make 


100.0 


45 



The materials (aHd) are mixed, homogenized, and filled into 1 ml ampuls which are sealed and auto- 
claved 20 minutes at 12rc. Each ampul contains 10 mg per ml of novel compound (a). 
50 The following Examples further illustrate the compounds of general Formula I. 50 

EXAMPLES 

2'AcetYlene'2'ammO'3'(3A-dthYdroxy' phenyl) propionicacid 

(A) Asolution of 32.4g (0.15 M) of 3-trimethyl-silylprop-2-ynyl-1- iminobenzyl in 20 ml of tetrahydro- furan 
is added to lithium dlisopropylamide, prepared from 21 ml (0.15 M) of diisopropylamide and 73.2 ml of a 2.05 

55 M solution of /7-butyllithium (0.15 M), In 1 liter of tetrahydro- furan at -78°C. After 15 minutes 32.7 g (1,35 M) 55 
of 3,4-isopropylidene- dioxybenzyl- bromide in 20 ml of tetrahydro- furan is added, and the mixture is 
maintained at -78Xfor2 hours afterwhich 73.2 ml of a 2.05 M solution (0.15 M) of n-butyllithium is added 
followed by tiie addition of 14.2 g, 1 1.6 mi (0.15 M) of methyl chlorofonnate. After an additional 30 minutes at 
-78^C the reaction mixture is treated with brine and extracted with ether. The ether extract is evaporated 

60 leaving a residue which is dissolved in 300 ml of petroleum ether, b.p. SO^-eO^C, and treated with 1 6.2 g (0.1 5 60 
M) of phenyl- hydrazine at 25°C for 2 hours. The precipitate is filtered off and the petroleum etiier evaporated 
leaving a residue which is treated with 40 g of potassium hydroxide in 300 ml of etiianol and 300 ml of water 
at 25°C for about 15 hours. The etiianol Is evaporated, and the aqueous solution is washed well with 
methylene chloride, tiien acidified and rewashed with metiiylene chloride. The water is evaporated, and the 

65 remaining solid residue is triturated witii ethanol, filtered and tiie filtrate evaporated leaving a residue which 65 
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is dissolved In water. The pH of the water solution is adjusted to 6 and applied to a column of Amberlite resin 
120 H* and eluting with 2 M ammonium hydroxide solution affords 2-acetylene- 2-amlno- 3',4'cb 
isopropylidene- dioxyphenyl- propionic acid after recrystalHzatton from water-ethanol. 
(B) 3 g 10,13 M) of 2Tacetylene- 2-amino- 3,4-isopropyndene- dioxyphenyl- propionic acid Is heated at reflux 
5 with 200 ml of 6 N hydrochloric acid for 2 hours after which the solvent Is evaporated. The resulting residue is 5 
taken up in water and the pH is adjusted to 6 by careful addition of hydrazine hydrate. On cooling the solution 
to 0°C a precipitate forms which is collected and recrystallized (charcoal) from water to afford 2-acetylene- 
2-amino- 3-{3A<iiliydroxy- phenyl) propionic acid. 

EXAMPLE! 

'^^ 2'Acet/lene-2'aminO'3-(3'methoxy' phenyl) propionic acid 

When in the procedure of Example 5 (A) 25.8 g (0.12 M) of 3-trimethyl- silylprop- 2-ynyl-1- iminobenzyl is 

used instead of 32.4 g (0.15 M) and 20.1 g (0.1 M) of l-bromomethyl-S-methoxy- benzene is used In place of 

5-bromomethyl- T^benzoidioxole, upon recrystallization from water, 2-acetylene- 2-amino- 3-(3-methoxy- 

phenyl) propionic add is obtained 
15 EKAMPLE7 

Z-AcBt^lene- l-amino- S-fS-hydroxy- phenyl) propionic acid 
A suspension of 2.0 g (9.1 mM) of 2-acetylene- 2-amino- 3-(3-methoxy- phenyl) propionic acid in 20 ml of 

methanol saturated with anhydrous HC1 is stirred for about 15 hours at 25^0 after which the solvent is 

evaporated. The resulting methyl ester derivative is suspended in 50 ml of methylene chloride and treated 
20 with 1.26 g of benzoyl chloride followed by treatment with 3.6 g of trlethylamine. The mixture Is stirred for 24 20 

hours then washed with water, dried and evaporated. The resulting residue is recrystallized from methanol 

to give the methyl ester derivative wherein the amino group is protected with phenyl- carbonyl. 
A solution of 1.2 g (3.5 mM) of the amine protected methyl ester in 50 ml of methylene chloride at 25X is 

treated with 0.9 g or boron tribromlde. The mixture is stirred for about 15 hours at 25X after which 10 ml of 
25 methanol is added and the solvents evaporated. The resulting residue is heated to reflux with 50 ml of 6 N 25 

hydrochloric acid for 5 hours. The solution is concentrated, the pH adjusted to 6 and applied to a column of 

Amberlite 120 H+. Eluting with 1 M ammonium hydroxide affords 2-acetylene- 2-amino- 3-(3-hydroxyphenyl) 

propionic acid after recrystallization from water-ethanol. 
When in the procedure of Example 5 an appropriate amount of benzyl- chloride, 4-chloro- 
30 2-methoxybenzyl- chloride, 2-chloro- 6-methyl- benzyl- chloride, 2,4-dichloro- 6-methyl- benzyl- chloride, 30 

4-methoxy- 6- methylbenzyl- chloride, or 6-?e/t-butyl- 4-chloro benzyl- chloride is substituted for 3',4'<e 

isopropylidene- dioxybenzyl- bromide the following products are obtained: 

2-acetylene- 2-amino- 3-phenyl- propionic acid, 2-acetylene- 2-amino- 3-(4-chloro- 2-methoxyphenyl) prop- 
ionic acid, 2-acetyIene- 2-aminor 3-{2-chIoro- 6-methylphenyl) propionic acid, 2-acetylene- 2-amino- 3- 
35 (24-dlchloro- 6-methylphenyJ)- propionic acid, 2-acetylene- 2-amino- 3-(4-methoxy- 6-methyl) phenyl) prop- 35 
Ionic acid and 2-acetylene- 2-amino- 3-(6-te/t-butyl- 4-chtoropheny 1} propionic acid. 

EXAMPLES 

Ethyl 2-acetylene- 2-aminO' 3-(3,4-dihydroxy- phenyl) propionate hydrochloride 
A suspension of 2.2 g (10 mM) of 2-aGetylene- 2-amino- 3-(3,4-dihydroxy- phenyl) propionic acid in 30 ml of 
40 ethanol is saturated with anhydrous HC1, and the resulting solution allowed to stand at 25'*C for 24 hours. ^0 
The solvent is evaporated leaving a residue which is recrystallized from ethanol-etherto gh/e ethyl 
2-acetylene- 2-amino- 3-(3,4-dihydroxy- phenyl) propionic hydrochloride. 

EXAMPLES 

45 2-Acetylene'3'' (3,4'diacetyloxyphenyl)" 2'(tert' butoxy- carbonylamino}- propionic acid ^ 
2 N Aqueous sodium hydroxide and acetic anhydride (3.5 g) are added simultaneously during Yz hour to a 
solution of 2-acetylene- Z-ltert- butoxycarbonyl- amino)- 3-(3,4- dihydroxy- phenylproplonic acid (6 g) pre- 
' pared from 2-acetylene- 2-amino-3- (3,4-dihydroxy- phenyljpropionic acid and fe/f -butyl azidoformate, in 
30mlof 1 Nsodiumhydroxideunderargon80thatthepHismaintainedbetween6.5and7.5.After1 hourat 
50 25°C thepH is adjusted to 1 using 6 N sulfuric add then extracted with methylene chloride. The organic phase 50 
is dried and concentrated to give 2-acetylene- 3-{3,4-diacetyl- oxyphenyl)- 2-fert-butoxy- carbonylamtno)- 
propionic acid. 



55 



EXAMPLE W 

55 2'Acetylene- 2'(acetylamino)- 3'(3,4-dihydroxy' phenyl)- propionic acid 

To a stirred suspension of 6.8 g (10 mM) of borax in 10 ml of water is added 2.2 g (10 mM) of 2-acetylene- 
2-amino-3- (3,4-dihydroxyphenyl)- propionic add under argon. After 1 5 minutes the pH Is adjusted to 9 by 
the addition of 2 N sodium hydroxide then treated dropwise with 780 mg of acetyl chloride, maintaining the 
pH between 9.0 and 9.5. The aqueous solution is washed with ether, adjusted to a pH of 1 using 6 N sulfuric 

60 acid and extracted with methylene chloride. The organic phase is dried and concentrated to afford 60 
2-aoetylene- 2-(acetylamino)- 3-(3,4- dihydroxyphenyl)- propionic acid, which may be treated with ethanolic 
HCI to afford the ethyl ester. 



EXAMPLE 11 

65 Acetylene- 2'am!nO'3'(3,Miacetyloxy- phenyl)' l-oxo-propylamlno}- propionic acid 



65 
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A solution of 4.4 g (10 mM) of 2-acetylene- 2-carbobenzyl- oxyammo)* 3-(3,4-diacetyl- oxyphenyi)- prop- 
ionic acid, prepared from 2-acetylene- 2-amino-3- (3,4*diacetyIoxy- phenyl)- propionic acid and benzyl 
chlorofonmate, in 50 ml of ether is treated with 1.0 g (10 mM) of triethylamine followed by 1 .08 g (10 mM) of 
ethyl chloroformate. After 1 hou r at 25X the precipitate is filtered off and to the ether solution is added a 
5 solution of alanine benzyloxy ester (10 mM) in 30 mi of ether. The solution is maintained at 25X overnight 5 
then evaporated to dryness. The residue is treated with HBr in dtoxane (40% w/W, 20 ml) for 30 minutes at 
25°C. Ether is then added and the precipitated hydrobromide filtered off to give 2-[2-acetylene- 2-amino- ^ 
3-{3,4-diacetyi- oxyphenyi)- 1-oxopropyl- aminolpropionicacid. 

10 EXAMPLE 12 10 

2'Acety/ene' 2'(2-amfno- l-oxopropyiamino)- 3'(3,4^ihydroxy' phenyOpropionic add hydrochloride 

A suspension of 3.3 g (10 mM) of benzyl 2-acetylene- 2-amino-3- (3,4Klihydroxy- phenyl) propionate in 
50 ml of methylene chloride is treated with 1 g (10 mM) of triethylamine aftenwhich 10 mM of N-carbobenzyl- 
oxyalanlne wherein the acid function is activated by ethoxycarbonyl in 20 ml of methylene chloride is added. 

15 The mixture is stirred at 25°Cfor about 16 hours then washed with water. The organic layer is dried and 15 
evaporated. The residue is taken up in ether and the ether solution cooled to 0°C. A vigorous stream of HCI 
gas is bubbled through the solution for 3 hours after which the ether solution is washed with water. The 
aqueous phase is evaporated to afford 2-acetylene- 2-(2-amino- 1-oxopropylamino)- 3-(3 Adihydroxy- 
phenyDpropionic acid hydrochloride as a gum. 

20 20 

EXAMPLE 13 

2'Acety/ene' 2-amino^- {^^hydroxy-S' methoxypheny/)- propionic acid 

A solution of 3.25 g (10 mM) of 2-acetylene- 2-3mino-3- (4-benzyloxy- 3-methoxyphenyl)- propionic acid in 
20 ml of tetrahydrofuran is added to 100 mi of ammonia at -SOX containing 0.5 g of lithium amide. After 1 
25 hour lithium metal is added until the blue color persists for 20 minutes then ammonium chloride is added, 25 
and the ammonia allowed to evaporate. The residue is dissolved in water, the pH adjusted to 6 and applied to 
an Amberirte 120 resin. Elution with 1 M ammonium hydroxide affords 2-acetylene- 2-amino-3- (4- 
hydroxy* 3-m6thoxyphenyl)- propionic acid which is recf^tallized from water. 

30 CUVIMS • 30 

1 . A compound of the formula 



CHSCR 



35 — - c - COR 35 



wherein Ri is hydrogen, (Ci-4alkyl)carbonyl, (Ci-4alkoxy)- carbonyl or-CO-CHNHa-Rr wherein R27 is hyd- 
40 rogen, allcyl of 1 to 4 carbon atoms, benzyl orp-hydroxy- benzyl; R is hydroxy, alkoxy of 1 to 8 carbon atoms, 40 
-NR7R8 wherein R? and Rs are the same or different and are each hydrogen or Ci<4 alkyi or-NK-CHRd-COOH 
wherein R9 is hydrogen, alkyI of 1 to 4 carbon atoms, benzyl orp-hydroxy- benzyl; and R2, R3, R4, Rs and Re 
are as defined in the following table 
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wherein Rio Is hydrogen, alkyi of 1 to 8 carbon atoms, (Ct-6alkyl)- carbonyl, benzoyl or phenyKCi-ealkyl)- 
carbonyl; or a pharmaceuticaliy acceptable salt thereof 
2. A compound or salt as claimed in claim 1 wherein Ri is hydrogen or (Ci-4allcyl)- carbonyl. 
35 3. A compound or salt as claimed in claim 1 or claim 2 wherein R is hydroxy or alkoxy of 1 to 8 carbon 35 
atoms. 

4. A compound or salt as claimed in claim 1 wherein Ri is hydrogen and R is hydroxy. 

5. A compound or salt as claimed in any preceding claim wherein R2, Rs, R4, Rs and Re are the same or 
different and are each hydrogen or ORio wherein Rio Is hydrogen or alkyI of 1 to 8 carbon atoms. 

40 5. A compound or salt as claimed in claim 5 wherein Rio is hydrogen. 40 

7. A compound or salt as claimed in claims 1 to 4 wherein Rs and R4 are the same or different and are 
each hydrogen or hydroxy. 

8. 2-Acetylene- 2-amino-3- (3,4-dlhydroxy- phenyDproplonic acid or a pharmaceuticaliy acceptable salt 
thereof. 

45 9. 2-Acetylene- 2-amino- 3-{3-hydroxy- phenyDproplonic acid or a pharmaceuticaliy acceptable salt 45 
thereof. 

10. A process for preparing a compound as claimed In claim 1 when Ri is hydrogen, R is hydroxy and (i) 
R2 and R3 are each hydroxy, (ii) Ra and R4 are each hydroxy, (ili) R3 and R4 together are-0-CH2-0-, or (Iv) R2, 
R3, R4, Rs and Re are as defined in claim 1 with the limitation that Rio is methyl, which comprises treating a 
50 protected propargylamine derivative with a strong base; alkylating the protected propargylamine carbanion 50 
intermediate which is formed in a solvent at -120° to 25''C for from 30 minutes to 24 hours, with (i) a 
2,3-[8opropyl- idenedioxy- benzyl halide, (H) a 3A-isopropyl- Idenedioxy- benzyl hailde, (ill) a 3,4-methylene- 
dioxybenzyt halide, or{iv) compound of the formula 



60 ' ' 60 

wherein Y is halogen and R2, Rs, R4, Rs and Rs are as defined above for group (iv) with the proviso that Rs and 
R4 together are not-0-CH2-0-; treating the thus formed alkylated propargylamine derivative with a strong 
base; acylating the alkylated propargylamine carbanion which is formed with an acylatlng reagent In a 
solvent for from 30 minutes to 24 hours at - 1 20° to 25"C; and hydrolysing the product. 

55 1 1 . A process for preparing a compound or salt as claimed In claim 1 substantially as described In any of 
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Examples 1 and 5 to 13. 

1 2. A compound or salt as claimed in claim 1 when prepared by a process according to claim 10 or claim 
11. 

13. A phamnaceutlcal composition comprising a compound or salt as claimed in any of claims 1 to 9 and ' 
5 1 2 in association with a pharmaceutically acceptable excipient 5 

14. A composition according to claim 13 substantially as described in any of Examples 2 to 4. ^ 
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